1. Glycylsarcosine, a peptide which is slowly hydrolysed by the intestine, is transported into the jejunal mucosal cells of the hamster by an active Na+-dependent process.
M E T H O D S
Experimental methods were similar to those described by Cheng, Navab, Lis, Miller & Matthews (1971) and Burston, Addison 8c Matthews (1972) . Everted rings or sacs of small intestine were prepared from the jejunum of adult male golden hamsters, by using a region 8-10 cm from the pylorus. The preparations were incubated with shaking at 30°C for 20 min in Krebs-Ringer-phosphate saline (Cohen, 1957) containing the peptides or amino acids studied. Special precautions were taken to check hydrolysis by the tissue at the end of the incubation period, by means of immediate chilling. After removal from the incubation medium, rings were briefly rinsed in the Krebs-Ringer saline at 4"C, rapidly blotted and transferred to 100 pl of 6% (w/v) sulphosalicylic acid in a tared aluminium-foil pan; final wet weight was measured by difference. Tissues were extracted for 5 min with 6% sulphosalicylic acid at 100°C and peptides and amino acids estimated by ion-exchange chromatography. Uptake was expressed as pmol/g final wet wt. after correction for amino acids or peptides in the inulin space (14.6%). In the case of glycine and methionine, it was necessary to make allowance for the initial amino acid content of the tissue in calculating uptake. This was determined in 'blank' rings incubated in buffer without added substrate. Concentrations in intracellular fluid (ICF) were calculated from final concentrations per g wet wt. as described elsewhere (Cheng et al., 1971 ; Burston etal., 1972) . The mean final water content of incubated rings was 83.7%. In nearly all experiments the initial wet weight of the rings was measured as well as the final wet weight. Expression of values for uptake on this basis made no essential difference to the results.
Experiments on Na+ replacement were carried out by replacing the sodium salts of the Krebs-Ringer-phosphate saline by' the corresponding potassium salts, or replacing the sodium salts of a Krebs-Ringer-tris saline (Reiser & Christiansen, 1971 ) by lithium salts.
The following abbreviations are used : glycine, Gly ; sarcosine, Sar ; glycylsarcosine, Gly-Sar ; L-methionine, Met; L-methionyl-L-methionine, Met-Met ; glycylglycine, Gly-Gly.
RESULTS
The results with jejunal rings are summarized in Table 1 . The results of 'paired' observations in which control and test rings were taken from the same animals are bracketed together. Both Gly and Sar were concentrated from an equimolar mixture of the two amino acids; no peptide appeared in the tissue. Incubation with the equivalent Gly-Sar (5 pmol/ml) showed that though some free Gly and Sar appeared in the tissue, substantial amounts of intact peptide were taken up. The concentration of peptide/g final wet wt. exceeded the final concentration of peptide in the medium, which was not appreciably different from its initial concentration, by a factor of more than two. The concentration gradient established between peptide in ICF and medium was more than 3 : 1. Incubation under anoxic conditions, or in the presence of cyanide or dinitrophenol, greatly decreased the amounts of peptide and amino acids taken up, the final concentrations of peptide in ICF decreasing to values approximating to the medium concentration. Replacement of medium Na+ by Kf or by Li+ had similar effects. Incubation in the presence of Met did not inhibit uptake of Gly-Sar; in fact the final concentration of the peptide was slightly increased. This, in conjunction with a slight decrease in uptake of Gly and Sar, may reflect inhibition of intracellular hydrolysis by Met, which decreases hydrolysis of Gly-Sar + Met-Met (10 by jejunal homogenates (see below). Total uptake of Gly and Sar, as free amino acids and in peptide form, was the same in the presence of Met (36-3 pmol/g final wet wt.) as in control rings (34.0 pmol/g final wet wt.) Incubation with the equivalent Met-Met, on the other hand, caused a large decrease in uptake of Gly-Sar and in that of the constituent amino acids. Total uptake of peptide and amino acids was decreased to 13.2 pmol/g final wet wt. There was a substantial uptake of Met from this amino acid and the equivalent Met-Met (25.4f0.87 SEM and 28-3 f 3.1 pmol/g final wet wt. respectively), but no intact Met-Met was found in the tissue. Experiments in which strips of jejunum were incubated in Gly-Sar (5 pmol/ml) under standard conditions followed by separation of mucosal and muscle layers showed that the final concentration of peptide in the mucosa was approximately double that in the muscle. Everted sacs of jejunum incubated under standard conditions with Gly-Sar (5 pmol/ml) in the mucosal fluid transported 1.65 fO.18 pmol of intact peptide per g wet wt. to the serosal fluid (n=4). The mean final concentrations in the serosal fluid were: Gly-Sar, 0.72f0.66 pmol/ml, Gly, 2.1 5-0.15 pmol/ml and Sar, 1.6L-0.15 pmol/ml.
Incubation of rings in plain Krebs-Ringer-phosphate saline under standard conditions, followed by removal of the rings and estimation of the peptidase activity of the medium against Gly-Sar ( 5 pmol/ml) in Krebs-Ringer-phosphate Valine showed that the activity was low (2.5 +O-36 pmol of peptide was hydrolysed per g final wet wt. in 20 min at 37°C). Centrifugation of the medium did not significantly decrease its activity. The peptidase activity of jejunal homogenates was estimated under similar conditions in Krebs-Ringer-phosphate saline and was 10.6 f 1.2 pmol of Gly-Sar/g wet wt. in 20 min at 37°C. Replacement of the Na+ of the saline in which the peptide was dissolved by K+ had no effect on the rate of hydrolysis, which was 11.6 k 1.8 pmol/g wet wt. Addition of Met (50 pmol/ml) to the saline decreased the hydrolysis of Gly-Sar to 3-4fO.43 pmol/g wet wt. A similar inhibitory effect of Met on the hydrolysis of Gly-Gly was noted by Cheeseman, Newey & Smyth (1971) .
D I S C U S S I O N
The results strongly favour the hypothesis that Gly-Sar, which is hydrolysed abnormally slowly by the intestinal mucosa, is concentrated in the mucosal cells by an active, Na+-dependent mechanism. The criteria of active transport include the ability to accumulate the substrate in a free and unaltered form against an electrochemical gradient. Though it has not been shown that the peptide found in the mucosa is in a free form, the observation that it is readily transported to the serosal side shows that mucosal accumulation is not solely the result of adsorption at the brush border or irreversible binding by the mucosa. If the peptide is present in the ICF of the mucosal cells in a free form, it can be accumulated against a concentration gradient of at least 3 : 1. It is probable that accumulation also takes place against an electrical gradient, since at pH 7.2 [the pH of the Krebs-Ringer saline containing Gly-Sar (5 pmol/ml)] Gly-Sar may be expected to carry a net negative charge, and the interior of the mucosal cells is negatively charged with respect to the mucosal medium (Barry, 1967) . The results further show that mucosal accumulation of Gly-Sar is dependent upon oxidative metabolism, and is abolished in the absence of Na'.
The effects of Met and Met-Met on uptake of Gly-Sar are of particular interest since they show that uptake of Gly-Sar is independent of the uptake of Met but may involve the same uptake mechanism as that used by Met-Met. If Met-Met and Gly-Sar share the same uptake mechanism, it is possible thet Met-Met can also enter the mucosal cells, even though it is hydrolysed so rapidly that intact Met-Met cannot be demonstrated in the mucosa.
There is evidence that the uptake of amino acids from dipeptides ordinarily involves at least two mechanisms, which may be peptide transport followed by intracellular hydrolysis, and surface hydrolysis followed by amino acid uptake (Cheng et al., 1971; . The purpose of this communication is not to make the claim that peptide uptake by an active mechanism followed by intracellular hydrolysis is the only way in which the intestinal mucosal cells handle peptides, but to show that this mode of transport exists and that it may play a part in the absorption of more than one dipeptide. The existence of a specific mucosal peptideuptake mechanism raises the possibility that inborn errors in intestinal peptide transport will be found. 
